drives social approach in non-stressed mice and social avoidance in stress-susceptible mice. Thus, it is possible that DREADDs disrupt AMY function in both cases, producing the observed, bidirectional behavioral changes, which then drive corresponding changes in FIT reactivity. Understanding in greater detail exactly how the PFC regulates AMY-VTA coherence might make it possible to more directly and specifically manipulate FIT reactivity and thereby disentangle these issues. Investigating these issues may also reveal why network activity in the b-frequency range is so important here. The classification of neural activity into different frequency bands often seems arbitrary. Thus, identifying specific mechanisms through which b-frequency activity is transmitted from the PFC throughout the rest of this network may reveal pathways that operate at this frequency and are particularly important for stress-related or social behaviors. Regardless, this study has shown how a nebulous concept-the top-down regulation of limbic circuits-can be mapped onto a very specific parameter-coupling between prefrontal b-power and AMY-VTA b-coherence-in the context of a particular behavioral assay and disease model. This sets the stage for many future studies that should similarly bring the sophisticated molecular tools available in animal studies to bear on understanding the distributed brain networks that have been implicated in human neuropsychiatric disease. In this issue of Neuron, Grayson et al. (2016) report how inhibition of amygdala impacts amygdalocortical and corticocortical functional connectivity. Their study predicts changes in functional brain topology, induced by pharmacologic modulation of neuroanatomical circuits using designer receptors exclusively activated by designer drugs (DREADDs), through virtual lesioning of amygdala in structural brain networks.
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In this issue of Neuron, Grayson et al. (2016) report how inhibition of amygdala impacts amygdalocortical and corticocortical functional connectivity. Their study predicts changes in functional brain topology, induced by pharmacologic modulation of neuroanatomical circuits using designer receptors exclusively activated by designer drugs (DREADDs), through virtual lesioning of amygdala in structural brain networks.
Within the brain is a complex concert of highly specialized functional systems whose collective neuronal activity gives rise to our behavioral and cognitive abilities, enabling us to think, perceive, and interact with the world around us. The functional responsibilities of individualized brain systems are strung together by local highways of anatomical connections that constrain functional interactions between neuronal populations. Yet the exact mechanism by which structure constrains function remains a mystery, particularly as distant brain regions exhibit signatures of functional interactions even when there are few, if any, structural connections between them (Park and Friston, 2013) . In the field of network neuroscience, a burgeoning technique to examine the causal link between structure and function is based on lesion models that aim to predict and localize functional changes caused by loss of structure. These studies are vital to understanding how disrupting structure alters function in healthy cognition and in disease. In this issue of Neuron, Grayson et al. (2016) present a novel method for pharmacologically perturbing specific neuroanatomical circuits, relating perturbations to modulation in functional connectivity, and demonstrate that simulated virtual lesioning of a structural connectivity model predicts empirical changes in functional connectivity.
Network neuroscientists have a longstanding interest in understanding how rich, heterogeneous network topology supports local and distributed brain function. Brain networks exhibit important organizing principles, such as modular structure and the existence of rich clubs of highly connected brain regions, that facilitate flow of information between directly and indirectly connected brain regions . The organizing principles of brain networks are not only vital for function but also equally essential for supporting function in the face of injury and disease. Conceptually, brain network architecture is considered robust and adaptable to injury through (1) redundancy, whereby identical neuroanatomical circuits can perform the same function, and (2) degeneracy, whereby different neuroanatomical circuits fulfill similar or different functional roles depending on context (Tononi et al., 1999) . To map robustness and adaptability to specific features of brain network architecture, network neuroscientists have begun leveraging lesion-based tools to query and predict how the loss of specific network structures can impact functional organization.
Early approaches to study the causal link between brain network topology and function induced simulated, virtual lesions by removing structure (e.g., nodes or connections) from network models to understand changes in global and local network properties (see Figure 1 ). An important finding from this application is that heterogeneity in brain network topology bestows a profound resilience of functional network structure and dynamics to targeted removal of highly connected and influential brain regions (Joyce et al., 2013) . Moreover, the causal effect of virtual lesioning is not homogeneous-lesions in highly specialized brain regions, such as sensory and motor areas, with highly localized structural connectivity lead to less distributed changes in functional organization compared to lesions in brain regions thought to facilitate contextual integration (Alstott et al., 2009) . Critically, the virtual lesioning technique demonstrates that loss of structural connectivity impacts functional interactions not only in the vicinity of the lesion but also in distant brain regions not directly connected to the lesioned brain area (Honey and Sporns, 2008 ). Building on model-based investigations describing the functional impact of lesions, a recent study provides evidence that virtual lesioning of distinct network structures can predict long-term neuropsychological outcomes in patients who have suffered a focal lesion-inducing brain injury (Warren et al., 2014) . While these studies suggest that structure can influence functional organization directly and indirectly, through cascades of connections that link distant brain regions, methods to experimentally probe the effects of focal inactivation of specific neuroanatomical circuits in broad-scale functional interactions, between brain regions, have been lacking. Grayson et al. (2016) address this gap by using designer receptors exclusively activated by designer drugs (DREADDs) in conjunction with fMRI to pharmacologically modulate focal brain circuits in rhesus monkey amygdala and concurrently measure changes in large-scale functional connectivity. Using a viral vector containing DREADDs that express inhibitory receptors, the group transfected neuronal cells in the left and right amygdala of four rhesus monkeys. Next, Grayson et al. (2016) sedated the animals and collected five consecutive blocks of resting-state fMRI. After the first block, the group administered drugs to pharmacologically inhibit cells expressing transfected DREADDs. As a control, the group similarly administered saline after the first block in the same animals, several weeks later. First, the group measured explicit changes in functional connectivity between the amygdala and all other voxels in the brain through a seed-based approach. Next, they measured changes in modular functional organization based on functional connectivity between all regions of interest derived from a structural parcellation of rhesus monkey brain. Finally, they exercised a novel technique of virtual lesioning of the amygdala in a large structural connectivity dataset to assess whether the resulting changes in structural network properties corresponded to their empirical changes in functional connectivity.
First, Grayson et al. (2016) Illustration demonstrates the in silico effects of virtual lesioning (i.e., removing a network region and all associated connections) on functional interactions through a cartoon brain network. Lesioning an isolated brain region (orange) with minimal connectivity to other brain regions has little effect on the possible functional interactions between all other brain regions. However, lesioning a highly connected hub brain region (red) disrupts potential functional interactions between specific brain regions. Namely, the isolated brain region (orange) is unable to interact with the rest of the network. Furthermore, the purple brain region must interact with more geographically distant brain regions over longer paths. Lesioning a provincial brain region with high betweenness (a measure of how much a node bridges distant groups of brain regions; purple), significantly reduces the efficiency for interactions between its adjacent brain regions. Mathematically speaking, the path length (or smallest number of hops) between these regions increases from two to four.
between which structural connections are known to exist. Through pharmacologic inhibition of amygdala neurons, the group observed decreases in the strength of specific functional connections between amygdala and other brain regions that were determined to be significantly positive during baseline conditions. Notably, this lesioning procedure did not increase any functional connections between amygdala and other brain regions. Next, by partitioning brain regions into modules based on functional connectivity, Grayson et al. examined reorganization of network modules that exhibited high and low functional connectivity to amygdala in baseline conditions. In modules highly connected to amygdala (e.g., containing limbic and default mode areas), the group found that inactivation of amygdala led to significantly decreased functional connectivity between brain regions. In modules weakly connected to amygdala (e.g., somatomotor areas), the group found that inactivation of amygdala led to significantly increased functional connectivity between brain regions. Finally, Grayson et al. demonstrated the ability to predict empirical changes in functional connectivity by virtually lesioning the amygdala in structural networks from a standardized rhesus monkey dataset. Using structural connectivity, the group computed the change in network communicability, a measure of how easily information can pass through the network, elicited by removing amygdala brain regions from the structural network model, and predicted decreases in amygdalocortical connectivity and increases in corticocortical connectivity. Through this work, Grayson et al. (2016) make several important contributions to the field of network neuroscience. Their results present compelling experimental validation of ideas promoted in virtual lesioning literature (Alstott et al., 2009; Honey and Sporns, 2008; Joyce et al., 2013; Warren et al., 2014) showing disrupting neuroanatomical structure can have farreaching consequences on functional organization, not only in the vicinity of injury, but also in more distant networks. The authors also demonstrated a truly causal link between structure and function. Importantly, they capture the idea that the brain's structural scaffolding need not directly correlate with functional brain interactions in order to influence functional brain dynamics. Rather, their approach corroborates the hypothesis that structural brain networks display rich topological architecture that enables robust functional interactions between brain regions that are directly and indirectly anatomically linked (Mi si c et al., 2016) . Grayson et al. (2016) present a landmark study that sets the stage for interrogating structure-function relationships of the brain. Their unique and novel method of applying DREADDs to pharmacologically manipulate the activation and inactivation of different brain regions is an important tool to further study how different structural features of the brain impact function. By iterative inactivation of individual brain regions, neuroscientists would be able to generate a brainwide map of putative structural control regions that most influence function. Such a map would be of great utility in our understanding of cognitive function and in the treatment of various neurological disorders. For instance, clinicians could use such a map to predict functional changes as a result of resective surgery for drug-resistant epilepsy (Caciagli et al., 2014) . Alternatively, the method could be tailored to predict outcome in patients with lesions (Gratton et al., 2012; Rafal et al., 2015; Warren et al., 2014) . Ultimately, the work by Grayson et al. ushers in a new era of experimental interrogation of network connectivity that will enable neuroscientists to better understand how structural brain networks permit complex neuronal interactions that give rise to function.
